Abstract: At present, many historical artefacts and furniture are only reconstructed and not restored. They are preserved in terms of material reparation, but their historical value decreases significantly. This work is focused on the comparison of the resistance of high-gloss polyurethane varnish with traditional shellac varnish. The varnishes were applied to oak wood and exposed to interior artificial accelerated ageing in Xenotest. Before and after ageing, cold liquid-resistance tests were performed on the tested specimens and gloss, colour, and adhesion were also evaluated. The structures of the surfaces were also analysed using a confocal laser scanning microscope. As expected, polyurethane varnish was much more durable than shellac varnish. Interestingly, shellac varnish was fairly resistant to water at the beginning, but this resistance was greatly reduced after artificial accelerated ageing. This illustrates the importance of sheltering the shellac treated artefacts in stable temperature-humidity conditions with the least possible effect of solar radiation.
Introduction
The restoration of damaged wooden artefacts requires observance of procedures and materials that were used for the production of originals during the relevant historical period [1] . It is used to preserve artefacts, traditional materials and craftsmanship, which are an integral part of cultural heritage. At present, many artefacts are only reconstructed and not restored [2, 3] . This is due to the lower cost of renovation, easy accessibility, and often better features of modern materials (adhesives, coatings, etc.), faster process and in some cases, insufficient experience of the person carrying out the renovation. One positive aspect is the fact that the artefact is preserved in material terms; however, its historical value decreases significantly.
Before the introduction of synthetic paints, surface treatments of furniture, plastics or interior equipment were mainly done using oils, waxes, polychromes, paints, and transparent shellac varnishes [4] .
Shellac is a raw material of natural origin that is obtained by collecting excrements of subtropical aphids (Kerria lacca L.) originating in China, India, Myanmar, and Thailand [5] . Its use is mostly in the pharmaceutical [6, 7] and food industry [8] . In woodworking, in addition to surface treatment [9] [10] [11] , it is also used for the production of composite materials [12] , as an alternative method of enhancing the bio-resistance of wood [13] and for conservation of damaged wood [14] . Its greatest advantages are health and ecotoxicology harmlessness, relatively good resistance to humidity [15, 16] , and the ability to form a continuous film with high gloss [5, 17] . Its main disadvantages include low resistance to various chemicals [18] , low colour stability due to UV radiation, and lower mechanical resistance to scratching [5, 10] . When preparing the wood coating, it is first cleaned, dissolved in ethanol and then, via several repeated applications, grinding and polishing, the shellac varnish is applied to the wood surface, where it creates a high-gloss finishing that highlights the texture of wood. From timbers that are used today, the following tree species were used to produce historic furniture in Baroque, such as spruce (Picea abies Karst L.), fir (Abies spp.), pine (Pinus spp.) used for chest-making, and larch (Larix spp.). Primarily oak (Quercus spp.) and beech (Fagus sylvatica L.) were used to imitate valuable exotic woods from hardwoods [3, 19] . Exotic species, such as European walnut (Juglans regia L.) and oak (Quercus spp.), were used for the production of historical luxury furniture (intarsia) [20] . These timbers were attractive due to their interesting structure and colour [21] and good durability against wood-destroying fungi, moulds, and wood-destroying insects [22] .
The shellac varnish is not only a tool for restoration works, but it is also currently used to produce luxury interior furniture and replicas of historical pieces [19] . However, it is often replaced by a cheaper and easily-applicable substitute in the form of polyester or polyurethane varnishes, which, in combination with appropriate wood staining, provide a relatively faithful imitation [3, 23] .
In literature, there are only few works dealing the properties of shellac varnishes of wood [10, 11, 16, 17, 24, 25] . In the works of Gupta et al. [17] and Kumar et al. [16] , the resistance of shellac varnish against the permeability of water vapours from the surrounding environment was investigated. In the works of Ghosh et al. [11] and Jankowska and Szczesna [10] , the changes in gloss and colour were observed due to artificial accelerated ageing in a UV chamber or by sunlight. In the works of Weththimuni et al. [24] and Licchelli et al. [25] , in addition to the traditional shellac varnish properties after UV exposure, the impact of modifications (nanoparticles or chemical modifications) on selected properties was investigated. The above-mentioned works did not examine oak as the underlying wood with its specific structure and content of tannins. The resistance of varnish to selected liquids according to EN 12720+A1 [26] , which may be potentially altered due to the influence of air humidity and UV radiation, thereby resulting in ageing of the polymer structure of the shellac [27] , was also not studied.
The aim of this study was to evaluate the selected properties of natural shellac varnish on oak wood, to determine their changes in the course of artificial ageing in Xenotest and to compare them to synthetic durable [28] high-gloss polyurethane coating used for reconstruction and replicas of historical artefacts. Another aim was to establish recommendations on how to avoid possible degradations and damages of shellac coating on historical artefacts based on the results.
Material and Methods

Wood and Varnishes
In order to test each coating, in this work eight test specimens of 430 mm × 100 mm × 16 mm (L × T × R) oak wood (Quercus robur L.) from the Czech Republic with an average density of ρ 0 = 698 kg/m 3 and a moisture content of 10% ± 2% have been used. At the same time, non-coated reference samples were prepared from the same material ( Figure 1a ). All of the tested samples were sanded using sandpaper with a grit of 120 in a longitudinal direction.
Shellac varnish (SH) manufactured by Borma Wachs (Jesolo, Italy) had a low wax content that caused an orange shade after it was applied to wood (Figure 1b) . It was applied within three days via multiple layering according to traditional techniques used in the past [19] 
Testing
Artificial Ageing
Artificial ageing was carried out in Xenotest Q-Sun Xe-3 (Q-Lab, Cleveland, OH, USA) on the basis of modified EN 15187 [29] using a window glass filter (Window Glass-Q). The testing parameters are listed in Table 1 . In order to intensify the artificial ageing, two steps with different air humidity (Table 1) were used in the xenon chamber set according to the modified EN ISO 16474-2 [30] . The tested properties of the samples were evaluated after 120 and 240 h of artificial accelerated ageing.
Cold Liquids
The test was carried out according to standard EN 12720+A1 [26] . We tested the resistance of varnishes against four selected liquids-Turkish coffee, black tea, red wine, and water. Cotton swabs filled with the cold liquids were placed under the Petri dishes for 24 h. After removal, the surfaces were gently cleaned, dried at T = 20 • C, and a relative humidity of 60% and subsequently evaluated for changes in surface properties. Water tests were performed after 240 h of the artificial ageing in Xenotest (see Table 2 ).
On the coated test samples, the values of the colour coordinates [31] and gloss [32] were measured at the same locations before and after the tests. The destructive tests for adhesion tests [33] and pencil hardness of varnishes [34] were carried out before and after the ageing tests. The reference samples were only evaluated for colour and gloss changes after 120 and 240 h of ageing in Xenotest (Table 2) . The gloss was measured according to EN ISO 2813 [31] at an angle of 60 • . A MG268-F2 glossmeter (KSJ, Quanzhou, China) was used to measure gloss. A total of ten gloss measurements were performed for individual tested coatings after 120 and 240 h of artificial accelerated Xenotest ageing, and sixteen measurements after cold water resistance tests.
Colour Analyses
The colour parameters of the tested samples were measured before and after the artificial accelerated Xenotest ageing after 120 and 240 h and before and after cold water resistance tests using Spectrophotometer CM-600d (Konica Minolta, Osaka, Japan). The device was set to an observation angle of 10 • , d/8 geometry and D65 light source and the SCI method was also used. Ten measurements per each type of varnish treatment were carried out for each kind of test at the same location of the sample. Evaluations were done in CIE-L*a*b* colour space on the basis of L*, a* and b* colour coordinates, where: L* is the lightness from 0 (black) to 100 (white), a* is the chromaticity coordinate + (red) or − (green) and b* is the chromaticity coordinate + (yellow) or − (blue). The relative changes in colour (∆L*, ∆a*, and ∆b*) between the weathered and the initial state were determined. The total colour difference ∆E* (ASTM D2244-16 [31] ) was subsequently calculated using the following Equation (1):
Adhesion of Varnishes
A pull-off test was used and performed in accordance with ASTM D4541 [33] . For each type of the tested sample, five test rollers of 20 mm diameter were glued using an epoxy adhesive (UHU Plus-endfest, Bühl, Germany). The tests were carried out using Comtest OP 1 P 20 (Coming Plus, a.s., Prague, Czech Republic) and the tear strength in MPa was measured.
Hardness of Varnishes
The hardness of the tested varnishes was evaluated using the Wolff Wilborn pencil hardness test [34] . A TQC VF2378-322 device (TQC, Capelle aan den IJssel, Rotterdam, The Netherlands) was used with a load of 750 g and an angle of 30 • to the tested surface. Three measurements were performed for the each surface.
Microscopic Analyses
Microscopic structural changes in tested shellac and polyurethane varnishes were studied using confocal laser scanning microscope Lext Ols 4100 (Olympus, Tokyo, Japan) with 108-fold magnification.
Statistical Evaluation
Statistical analyses were performed in MS Excel 2016 and Statistica 13.2 (StatSoft, Palo Alto, CA, USA) using mean values, standard deviations, whisker plots with mean values, and 95% two-sided confidence intervals, box and whiskers plots, and Tukey HSD test at 95% statistical significance.
Results and Discussion
The experimental tests confirmed the overall lower resistance of the natural shellac varnish compared to synthetic polyurethane used for oak wood. The resistance of the shellac coating to water was greatly reduced after the artificial accelerated ageing in Xenotest, based on the modified EN ISO 16474-2 [29] . Due to the rapid decline in moisture content during the artificial accelerated ageing cycle from ϕ = 70% to ϕ = 40%, evaporation of water occurred from the underlying oak wood. Due to the relatively low permeability of shellac for vapours [15, 17] and changes in its structure due to photodegradation [27] , its compactness was disrupted by the pressure of evaporating water (Figure 2 ). This significantly affected the evaluated properties after 240 h of artificial accelerated ageing in the Xenotest (see the next section, Figures 3 and 4) . 
Colour Changes
Colour changes were evaluated using the total change in colour ∆E*, change in light ∆L* and change in parameters ∆a*, ∆b*, which, in the case of positive values, divert to red and yellow shades (Figure 3a-d) . In the reference untreated oak, the decomposition of lignin [35] and extractives [36] by UV and VIS radiation resulted in a decrease of L* brightness and in the change in the shades to red and yellow colour in agreement with Oltean et al. [37] and Pandey [38] . In the case of polyurethane varnish, the initial b* (yellow shade) was increased after 120 h of artificial ageing, but later the L* rather increased after 240 h and less significant changes occurred in the case of the a* and b* values. As colour changes varied in comparison with untreated wood, there was a significant change in colour in the case of PU film itself due to UV radiation and moisture content fluctuations. In the case of shellac varnish, in the initial phase of the artificial ageing, a significant decrease of brightness (Figure 3b ) and the transition to red and more pronounced yellow shades was confirmed in accordance with the works of Jankowska and Szczesna [10] and Weithithuni et al. [24] . After 240 h of artificial ageing, however, surface lightening (L* increase and a significant decrease of b* values) occurred, resulting in a significant decrease in colour change (Figure 3) , which corresponded approximately to the initial state. This could by caused by the synergistic effect of VIS and UV spectra in the Xenotest and the fluctuations in moisture content that resulted in the degradation of the shellac and the colour change of the orange shade we used (Figure 1 ). More distinct colour changes after the subsequent water effect on the surface after artificial ageing, compared to the surface before the ageing process, also support this hypothesis (Figure 4, SH4 versus SH5) . The decrease of hydrophobicity of the shellac varnish surface after exposure to UV radiation was also observed in the study by Weththimuni et al. [24] .
Significantly higher overall colour changes in shellac compared to polyurethane are demonstrated in Figure 3e ,f. The results confirm the excellent resistance of synthetic polyurethane to ordinary used fluids [39] . On the contrary, shellac is quite susceptible to damage due to the inappropriate exposure stress [5, 18] . 
Gloss Changes
The gloss changes in the test surfaces were very small after the artificial accelerated ageing in the Xenotest ( Figure 5) . A slight decrease in the gloss of PU and untreated wood is in accordance with the work of Ghosh et al. [11] . A slight decrease in the gloss of shellac varnish (but with a relatively high variability of measured data) in this work was not confirmed in our research. The results confirm the ability of shellac to retain the high gloss for a long time, thereby improving the appearance of wooden surfaces in the interior. However, significant changes in gloss (Figure 6a) , mainly in the case of shellac varnish, were observed after application of the cold liquids [26] . After the exposure to water, the most pronounced decrease occurred after the artificial ageing in the Xenotest. This confirms the results for the colour changes (Figures 3 and 4) and for significantly reduced shellac resistance to water due to ageing and exposure to UV radiation and moisture content fluctuations. Greater changes in gloss were also caused by red wine, which degrades the shellac varnish due to ethanol [5, 25] more significantly than the other tested cold liquids. The polyurethane varnish showed good resistance [39] and only the effect of tea significantly reduced the gloss values (Figure 6b ), likely due to tannin deposition which could not be removed before the measurement (see also slightly higher total change in colour PUR2 in Figure 3f ). 
Adhesion and Hardness of Varnishes
During the measurement of adhesion of varnishes, according to ASTM D4541 [33] , using a pull-off adhesion tester, quite complicated tears in different layers of varnishes, wood, or their interfaces occurred. This was mainly due to the complicated morphological structure of oak [21] with large opened vessels that do not allow the uniform thickness of the coating film to be achieved. Therefore, the overall interpretation of the obtained results is difficult and the variability of the measured values is relatively high. Overall, shellac adhesion for oak wood was lower compared to polyurethane varnish ( Figure 7 ). Good adhesion of polyurethane to wood was also reported by Carter [40] . The results in Figure 7 confirm that the kind of coating play the important role [41, 42] . The lowest values were obtained for the shellac after 240 h of the artificial accelerated ageing (SH-240h in Figure 7 ) and after subsequent water testing (SH5 in Figure 7 ). These results confirm previous preliminary tests-especially colour changes (Figures 3 and 4) and lower resistance of shellac against UV-radiation [10] and water effect after UV ageing [24] . Pencil hardness of varnishes is evaluated in Table 3 on the basis of EN ISO 15184 [34] . The tested polyurethane varnish had a low hardness (according to EN ISO 15184 [34] ) that did not change even after the ageing and the cold liquid tests. The shellac coating had a low hardness at the beginning (Table 3) , but it was increased during ageing in Xenotest by one degree. The same phenomenon was observed after the cold liquid tests. The impact of UV and VIS radiation on the change in the polymeric structure of shellac [24, 27] and its mechanical properties [24] led to an increase in hardness of the coating film. This may, on the other hand, result in higher brittleness. Note: 3B (2B) means that most measurements were 3B but also 2B exist in some cases.
It is clear from the overall evaluation (Figures 3-7 , Tables 3 and 4 ) that compared to a durable polyurethane varnish, the shellac varnish has lower resistance to UV radiation in combination with air humidity fluctuations [28] . This fact was also confirmed by other authors [10, 11, 17] . Similarly, it is less resistant to cold liquids used in households (Figures 3, 6 and 7) . Only the hardness of shellac was higher and slightly increased after exposure to UV radiation and cold liquids (Table 3 ), but this may indicate an increase in its brittleness. An interesting finding was the significant deterioration of resistance against water ( Figures 3 and 4 , Table 4 ) after accelerated artificial ageing with simultaneous fluctuations in air humidity and UV exposure. It is necessary to take into account this phenomenon and, if possible, to reduce the impact of air humidity fluctuations and the effects of UV radiation that are causing degradation and visual changes [10, 24] , and even changes in chemical polymer structures [5, 27] . These results must be followed even during the restoration and subsequent preservation of historical artefacts. The shellac coating confirmed its ability to maintain high gloss [11] even after UV exposure, which is one of its advantages [5] . Another important advantage is its health harmlessness [6, 8] and renewability as material. A possible way to improve its properties for the formation of varnishes is modification by various methods [24, 25, 43] . These processes can contribute to wider utilization of shellac coatings even for the production of contemporary interior furniture.
Conclusions
The shellac and polyurethane varnishes we used for oak wood were exposed to accelerated artificial ageing in the Xenotest with simultaneous exposure to UV radiation and fluctuations in air humidity. Tests of resistance to selected cold liquids were also performed and the effects of water were investigated after artificial accelerated ageing. Subsequently, changes in colour, gloss, adhesion and hardness of the varnishes and evaluation of visual and microscopic changes by CLSM were tested.
The polyurethane varnish was expected to be much more resistant and durable than shellac. Only the shellac hardness was higher and it even slightly increased after exposure to UV radiation and cold liquids. This may, however, indicate an increase in its fragility. An interesting finding was the markedly-reduced resistance of the shellac varnish to water after artificial accelerated ageing, although it resisted water relatively well before ageing. This illustrates the importance of keeping the treated artefacts and furniture in stable temperature-humidity conditions with as reduced an influence by sunlight as possible.
